The variable species Blepharis edulis, as well as the recently described B. boranensis, is investigated in Eastern Africa using phenetic analysis of gross morphological data supplemented with field observations and pollen morphology studies. Two species, B. edulis and B. boranensis, occuring in the drylands of Eastern Africa are confirmed, with the latter occuring in Borana region (Kenya, Ethiopia and Somalia) and Sodere, Ethiopia, while the former remains variable and widespread. The two species are separated by number and distribution of spines on leaf margin: fewer, sparse or restricted towards leaf base in B. edulis whereas more and evenly distributed in B.
INTRODUCTION
Blepharis Juss. (Acanthaceae) is composed of 129 species, distributed predominantly in tropical Africa, about half occuring in Southern Africa, and extending through Arabia and India to S. E. Asia (Vollesen, 2(00) . In Eastern Africa, Blepharis edulis (Forssk.) Pers. is commonly found in the arid regions, in habitats that are fragile and undergoing the processes of desertification, which necessitates systematic studies to establish species biodiversity status (Claridge et al., 1997; Bates, 2000) .
The genus has been divided into three subgenera, namely Blepharis, Ebracteata Vollesen and Acanthodium (Del.) Oberm. Subgenera Blepharis and Acanthodium are further subdivided into three (Blepharis, Inopinata V ollesen and Scorpioidea Oberm. Ex Vollesen) and two sections (Acanthodium (Del.) T. Anderson and Biflora V ollesen) respectively.
Blepharis edulis is placed in the Sect. Acanthodium (Furness, 1996; Vollesen, 2(00).
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Taxonomic studies of Blepharis in tropical Africa are few, and include that of Clarke (1899-19(0) , Napper (1970) , Agnew & Agnew (1994) and Vollesen (2000) . Some specimens of B. edulis in various herbaria (e.g., EA and ETH) have been identified as B. ciliaris (L.) B.L.Burrt. or B. linariifolia Pers. Recently, Vollesen (2000) also separated B. boranensis from B. edulis, based on position and number of spines or flower sizes. B. edulis has a wide variation in gross morphology, at times blurring the species boundaries with related taxa. For example, in Ethiopia near Bale-Harerge massif where some unique B. boranensis forms are found, collections of B. edulis are characterized by large flowers.
According to Vollesen (2000) , B. edulis and allied taxa are more or less geographically separated in Eastern Africa. B. edulis grows in northern Tanzania, Kenya, Ethiopia and into Saudi Arabia. B. boranensis grows in the Borana region of Kenya/Ethiopia and overlaps with B. edulis. B. linariifolia is distributed from southern Sudan westwards, whereas B. ciliaris is found only in Asia (Oman, Iran and Pakistan).
This study re-examines the infraspecific taxonomy of B. edulis complex, based on phenetic analysis of gross morphological data.
MA TERIALS AND METHODS
Morphological studies were based on herbarium and field observations. Specimens from EA, ETH, MAL, NU and WAG were investigated for 21 morphological characters (table 1) . The vegetative and reproductive parts were measured using a ruler and a WILD M3 dissecting microscope. Between five and ten measurements were taken per specimen for every part observed at standardized positions and an average calculated. A total of 171 specimens (Operational Taxonomic Units, OTUs) were analysed for phenetic relationships using STATISTIC A (version 4.1), prior to character standardization. In cluster analysis, the degree of similarity between pairs of OTUs was measured using the Euclidean distance coefficient. Pairs of OTUs were then clustered by Unweighted Paired-Group Method using arithmetic Averages (UPGMA). Principal Component Analysis (PCA) was performed on the data to elucidate patterns of relationship and test separation of groups obtained in cluster analysis.
Pollen grains were obtained from mature flowers of herbarium specimens. The acetolysis method described by Erdtman (1969) , using a mixture of glacial acetic anhydride and concentrated sulphuric acid (3: 1), was followed in preparation of grains for Light Microscopy (LM) and Scanning Electron Microscopy (SEM) studies. Measurements of the LM pollen were taken using an ocular micrometer at magnification x400 and micrographs made at x 1000, respectively. In SEM dry pollen was placed on clean bronze (stub) and coated with gol9. The pollen were scanned and investigated using a Jeol JSM 840 Scanning Electron Microscope.
RESULTS AND DISCUSSION
Gross morphology Intuitive interpretation of gross morphology is the basis of the previous species concepts on the Blepharis edulis complex. Phenetic relationships of specimens fitting broadly into B. edulis complex below are analysed and presented here, without a priori allocation of the specimens into taxonomic groups.
(i) Cluster analysis The cluster analysis yielded two major clusters above 17.5 Euclidean linkage distance, delineated as B1 and B2 in figure 1 . The clusters, B1 and B2, differ in some gross morphological characters and can be separated by vegetative and floral characters. There is discrete variation in number of spines on leaf margins and length of terminal spine on bracts, numbering 2-18 versus 20-36, and length below 4 mm versus 5-9 mm, respectively. In addition, there is geographical separation between the clusters, with B2 having a wide distribution from northern Tanzania through Kenya and Ethiopia into Eritrea whereas B1 is predominantly restricted to Borana region of Kenya/Ethiopia. Cluster B1 has peculiar inclusion of two specimens from Southern Kenya, which have overall gross morphological similarity to B2.
Specimens (OTUs) studied in the cluster analysis above were assigned into the corresponding clusters (B1 and B2) and phenetic relationships further evaluated using Principal Component Analysis (PCA).
(ii) Principal Component Analysis (PCA) The variance attributed to each of the four principal components (PC) was found to be 42.07%,9.14%,7.66% and 6.15% for PC 1,2,3 and 4, respectively (table 1) . Thus, PC 1 and 2 contributed up to 51.21 % of the total variance. A scatter plot of PCl against PC2 resulted to segregation of the clusters (figure 2). When the data was plotted in three dimensions, based on PC 1 and 2, the two clusters were observed to be unambiguously separated (figure 3). The partial overlap observed in figure 2 is interpreted to be a product of diagrammatic presentation of pattern in two dimensions. 
Pollen morphology
The pollen grains were of medium size, based on terminology by Erdtman (1969) , with polar axis length (P) ranging between 36.4-48.4 J.l.m, equatorial axis (E) 15.9-24.1 J.l.m,and P:E ratio 1.9-2.5. The pollen is isopolar, tri-colpate and circular to triangular in polar view, and elliptic in equatorial view (figure 4). The pollen exine has hexagonal reticulum with smooth muri and columellae appearing in the perforations of lumen (figure 4). Results presented here are in agreement with previous observations on pollen morphology in the genus Blepharis (Furness, 1996 (Furness, , 1997 .
Pollen size does not distinguish the clusters observed in phenetic analysis of gross morphology, as there is size continuum with cluster B1 pollen falling within the range of cluster B2. Cluster Bl can be distinguished from cluster B2 by presence of a constriction along colpi, a feature observed in few grains. However, this feature might have arisen due to abnormal pollen development. Furness (1996 Furness ( , 1997 Creeping to ascending annual herbs growing up to 45 cm high. Stem puberulent to densely puberulent on grey young branches and becoming glabrate, sericeous to puberulous, glandular, with age. Leaves green; midrib glaucous; abaxial surface puberulent to densely puberulent; lamina lanceolate to elliptic; 1.9-10.4 x 0.3-1.8 cm; acute to acuminate; apiculate; sessile to subsessile; margin lacerate, spines usually 2-18 or absent, scattered from base up to two-thirds towards apex, occasionally to tip of leaf; terminal spine 0.2-4.5 mm long, straight or on young plants falcate. Spikes erect, strobilate, each comprising of at least 2 mature flowers; 1.8-17.7 x 1.4-7.0 cm. Bracts green to glaucous, 1.4-3.5 x 0.4-1.6 cm; apex recurved, 0.4-2 cm long; marginal spines usually 3-8, terminal one less than 4.0 mm long; bracteole 6.5-20.0 x 0.2-1.5 mm, linear to lanceolate. Sepals densely pubescent; dorsal 1-2.5 x 0.2-1.0 cm, broadly ovate; ventral 0.8-1.9 x 0.2-0.8 cm, oblong; lateral pair 0.4-1.0 cm long, broadly ovate. Corolla blue to purplish; 1.2-3.1 x 0.5-1.8 cm; puberulent with dense strip of indumentum from base towards apex; veins blue, conspicuous; 5 lobed, two lower most lateral lobes vestigial, terminal lobe 0.1-0.6 mm long. Filament purple striped, 5.3-12 mm long with basal tuft of hair, dorsal pair flattened with apical appendages and broader anthers. Style 3.5-11.0 mm long. Capsule 4.3-10.0 x 2.5-5.8 mm, lanceolate to elliptic. Seed 2 per capsule; yellow; discoid; 4.4-6.8 x 3.0-4.5 mm; covered with white stellate hygroscopic hairs 0.3-5.3 mm long.
Distribution and habitat
In eastern Africa B. edulis is distributed from central Tanzania 
Notes
Although this study reconfIrms separation of B. edulis complex as described, the taxon remains to represent variable forms, which cannot be separated phenetically. As Vollesen (2002) observed, the species can be very small in arid conditions to semi-perennial multi branched ascending semi-woody stems upto 45 cm in a favourable climate. Three major forms were observed in fIgure 1 but lacked discontinuous characters for separation. One form was characterized by a few widely spaced leaf spines and large bracts (up to 3.5 cm long). Its distribution includes Ethiopia and Eritrean Rift Valley from Zula through Dire Dawa, Komboicha sites to Northern Kenya in Lake Turkana area such as Koobi Fora and near the Ferguson Gulf. The second form has the smallest flower sizes (up to 1.3 cm wide) and lacks spine or are very few restricted to fIrst half of the leaf. This group is widely distributed in the region mainly in Kenya and Gamo Gofa Region of Ethiopia. The third form is closely related to B. boranensis on the basis of leaf spines but differ on the number of spines on the bracts. It is distributed in Kenya (Voi and Taita-Taveta districts), Tanzania and Ethiopia from Jijiga eastwards towards Somali mainly Harerge Region. Therefore, the specimen Beentje 1860, from Tsavo in southern Kenya was considered to be more closely related to B. edulis even though clustered with B. boranensis specimens in fIgure 1. More material from Tsavo should be examined to further ascertain their affmity.
B. edulis is found in degraded areas and can be a useful indicator species for ecological change. According to Itani 78/78 (EA) it provides forage for all livestock and flowers are used for staining fat. Leaves are grinded and burned to treat mouth diseases in children (Mus 181, EA). Water from boiled seeds is mixed with milk and taken to cure inflammation of the liver (Newbould 5936, EA). Dry inflorescence or root concoction is used to treat mouth wounds in children, kidney ailments, hasten childbirth, and against scorpion stings among the Kalenjin, Maasai, Somali and Turkana communities, respectively. Vollesen. Vollesen, Blepharis, 110-112 (2000) . Type, Ethiopia, Burger 3560 (K, holotype!, EA, ETH, isotype! )
Blepharis boranensis
Creeping to ascending perennial herb, emanating from a woody rootstock, up to 35 cm high. Stem densely puberulent on the young branches and becoming glabrate, sericeous to puberulous, glandular, with age. Leaves green sometimes with purplish patches, midrib glaucous; abaxial surface glabrous, puberulent to densely puberulent; lamina lanceolate to elliptic; 5.8-11.6 x 0.7-1.6 cm; acute, acuminate; mucronate; sessile to subsessile; dentulate, rarely lacerate; spines 20-36, evenly distributed from base to apex, terminal spine 0.1-3.7 mm long, straight. Spike erect, strobilate, each comprising of at least 2 mature flowers per spike; 3.8-13.2 x 1.7-4.8 cm. Bracts glaucous, 1.3-3.3 x 0.6-1.6 cm; apex slightly recurved, 0.8-1.7 cm long; marginal spine 5-11, terminal spine up to 9.2 mm long; bracteole 9.3-19.0 x 0.2-1.8 mm, linear to lanceolate. Sepals densely pubescent; dorsal 1.5-2.4 x 0.6-7.8 cm, elliptic; ventral 1.1-1.8 x 0.3-0.8 cm, oblong; lateral pair, 0.7-1.0 cm long, ovate. Corolla blue with yellowish base; 2.1-3.3 x 0.8-1.9 cm; puberulent with a brown dense strip of indumentum from base towards apex; vein dark bluish, conspicuous; 5-lobed, two lower side lobes vestigial, terminal lobe 0.3-0.8 cm long. Filament purple striped, 6.1-11. 6 mm long with basal tuft of hair, dorsal pair flattened with apical appendages and broader anthers. Style 9-12.2 mm long. Capsule 7.5-10.4 x 3.0-5.8 mm, elliptic. Seeds 2 per capsule; yellow; ovoid, 4.5-6 x 3.0-4.3 mm; covered with white hygroscopic stellate hairs 1.8-8.7 mm long.
Distribution and habitat
Blepharis boranensis is found in Borana region (Kenya, Ethiopia and Somalia) and also around Sodere, Ethiopia between 1,350-1,850 m in limestone soil of Acacia-Commiphora woodland. 
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